To prospectively examine the relation between television watching and body fat change in children from preschool to early adolescence. METHODS: In a longitudinal study, 106 children were enrolled during preschool years (mean age 4.0 y) and followed into early adolescence (mean age 11.1 y). Parents completed an annual questionnaire on the child's television and video habits. Body mass index (BMI), triceps skinfolds, and sum of five skinfolds were recorded yearly at annual clinic visits. Longitudinal statistical analyses were carried out using mixed modeling procedures to control for potential confounding by a number of factors. RESULTS: Television watching was an independent predictor of the change in the child's BMI, triceps, and sum of five skinfolds throughout childhood. Its effect was only slightly attenuated by controlling for the baseline body fat, level of physical activity (as measured repeatedly by Caltrac accelerometer), percent of calories from fat, total calorie intake, or the parents' BMI or education. By age 11, children who watched 3.0 h or more of television per day had a mean sum of skinfolds of 106.2 mm, compared with a mean sum of skinfolds of 76.5 mm for those who watched less than 1.75 h per day (P ¼ 0.007). Furthermore, the adverse effect of television viewing was worse for those children who were also sedentary or had a higher-fat diet. CONCLUSIONS: Children who watched the most television during childhood had the greatest increase in body fat over time. Healthy lifestyle education designed to prevent obesity and its consequences should target television-watching habits of children.
Introduction
The childhood shows the man As morning shows the day.
John Milton, ''Paradise Regained'' Risk factors for cardiovascular disease (CVD) often have their origin in childhood, when many lifestyle behaviors become established. 1 Dietary patterns and physical activity levels that contribute to the development of obesity often track into adulthood, particularly among children who are obese during adolescence. [2] [3] [4] Adult obesity is a strong risk factor for diabetes, hypertension, and ischemic heart disease. 5 Recent studies showing a dramatic rise in the rates of obesity in both children and adults in the US [6] [7] are cause for alarm. An increasing number of hours spent watching television is one mechanism that may underlie these rapidly rising rates. Some [8] [9] [10] [11] but not all studies 12, 13 among children find a positive association between television viewing and obesity. Differing methodologies and conflicting results have made it difficult for investigators to reach a consensus on the importance of this link. The Framingham Children's Study (FCS) has shown that as the level of physical activity increases among preschool children, anthropometric measures of body fatness decrease.
In this report, we use data from the FCS to examine the relation between the amount of time spent watching television throughout childhood and the change in body fatness from preschool to the early adolescent years. We also explore the extent to which dietary fat and physical activity levels may impact on the association between television and body fat change.
Materials and methods
The FCS is a longitudinal study of early childhood determinants of diet and physical activity. The study began in 1987, when 106 preschool children and their parents were enrolled. The subjects were third-and fourth-generation offspring of the original Framingham Heart Study cohort, who were identified by means of questionnaires sent to surviving members of the original cohort as well as their offspring. One child per family, between the ages of 3 and 5 y, was enrolled. Details of the recruitment and enrollment have been previously published. 14 The parents and children have been evaluated annually at a clinic examination visit. The parents completed questionnaires at each annual clinic visit reporting the average amount of time that the child spent watching television each day. Since this was a longitudinal study, some changes to the assessment tools were necessary as the children aged. Once children were in school most of the day, the television questionnaire was modified to ascertain the average number of hours spent watching television on schooldays and weekend days during the school year, and on weekdays and weekends during the summer. Starting in about second grade, the children began also to spend some time with video games, so this was added to the questionnaire. We estimated the average hours of television and video per day during each year as a weighted average of the reported television and video hours during the school year and in the summer. Throughout the remainder of this report, we will refer collectively to television and video hours per day as television hours per day.
We measured height, weight, and skinfold thickness for children and parents each year at the clinic exam. Weight (to the nearest 1 4 pound) was measured using a standard counterbalance scale, and height was measured (to the nearest 1 4 in) using a measuring bar on the same scale. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. On each visit, the examiners used Lange calipers and a standard protocol to take two measures each (to the nearest millimeter) of triceps, subscapular, suprailiac, abdominal, and thigh skinfolds for each child.
We also gathered information on the following potential confounders: the child's age, gender, baseline body fat, physical activity level, total energy intake, and percent of calories from fat as well as the mother's and father's age, education and BMI at baseline. Since television viewing may have its effects on the child's body fat change through its association with physical activity level or dietary habits, we also examined the effect of these factors in combination with television viewing on body fat change.
Physical activity was assessed using an electronic motion sensor, the Caltrac Accelerometer, an instrument that has been shown to provide valid estimates of physical activity in children. 15 The children wore the device attached at the waist over the right hip for three to five consecutive days each year. During the first year, there were four separate 5-day monitoring periods, while in subsequent years, there were either one or two such periods. The Caltrac was programmed to provide unitless activity counts to give a measure of total movement. This information was combined with data on the amount of time the instrument was worn to estimate the average number of Caltrac counts per hour during each year of monitoring. Dietary intake was assessed in year 1 by means of four sets of 3-day diet records. In each subsequent year, one or two sets of 3-day records were collected. The study nutritionist taught each family how to complete the diaries, including how to estimate portion sizes. The same nutritionist debriefed the parents, children, and other caregivers as needed to clarify information on the diaries. The mean total energy intake and percent of calories from fat consumed each year were estimated by entering the food diary information into the Nutrition Data System of the University of Minnesota. 16 Data for the present analysis were available for 103 children.
Statistical methods
The primary goal of the analysis was to determine whether children who watched more television throughout childhood had greater increases in their BMI or subcutaneous skinfolds over time than children who watched less. We first calculated the child's mean television viewing hours per day during each of eight exam cycles and then ranked each child's hours per day each year. These ranks were used to separate the children into tertiles (low, middle, high) of television viewing each year. Thus, a given child might have been ranked in the low tertile during the first year, the middle tertile the next year, and the high tertile the following year. This enabled us to account for changing television viewing patterns over time.
We used longitudinal data analysis methods to estimate the effect of television-viewing habits over time. We then constructed mixed regression models to estimate the association between the tertile of television watching and three outcome measures: BMI, triceps skinfold, and sum of all five skinfolds. The models produce estimates of adjusted least-squared means for BMI, triceps, and sum of skinfolds at each age according to the amount of television watched at the time. We then plotted the adjusted least-squared means to analyze trends in body fat change throughout childhood.
We controlled potential confounders in the mixed regression models by adding the child's sex, baseline age (as a continuous variable), baseline anthropometry (BMI or skinTelevision watching and childhood body fat change MH Proctor et al folds as appropriate to the model), and each parent's level of education. We then added maternal and paternal BMI as surrogates for a possible genetic correlation in body fat. Finally, we added factors at each year that might either serve as confounders or causal intermediates in the relation between television watching and body fat change: physical activity (Caltrac counts per hour categorized as highest tertile vs lower two tertiles), total energy intake (kcal/day), and mean percent of calories from fat (o34% vs Z34%).
Cutpoints for activity and percent of calories from fat were chosen on the basis of earlier analyses (manuscripts under review). For example, in our earlier work, children in the highest activity tertile had significantly lower gains in body fat throughout childhood while those in the low and middle tertiles had almost identical changes in body fat over 8 y. All statistical analyses were performed using SAS statistical analysis system.
Results
Baseline characteristics of children and parents according to tertile of television watched per day at baseline are shown in Table 1 . At baseline, when they averaged 4.0 y of age, children in the lowest tertile watched an average of 1.0 h of television per day, while those in the middle and upper tertiles watched 1.6 and 2.4 h per day, respectively. At baseline, there was no apparent association between age, activity level, or anthropometry measurements with television-viewing habits. The children in the highest tertile of television viewing did have the highest total energy intake per day. However, there was no clear pattern of differences in the intakes of fat, carbohydrate, protein or micronutrients, although calcium intakes did seem a little higher among the children in higher tertiles of television watching per day. It is interesting to note that the children who watched the most television had parents with higher BMI levels. Parental education level was inversely correlated with child's television viewing time.
In Table 2 , we examine the differences in mean BMI at the end of follow-up (mean age ¼ 11.1 y) according to the mean hours of television watched per day throughout childhood. In this Television watching and childhood body fat change MH Proctor et al television per day, and 76.5 mm for those watching o1.75 h/ day (P-value for trend ¼ 0.028). We then controlled for parental body fat, physical activity, and dietary variables (percent of calories from fat and total energy intake). Controlling for these factors led to slight attenuation of the effect of television watching on body fat change. In all cases, those who watched three or more hours of television per day (group 3) had statistically significant higher BMI, triceps, and sum of five skinfolds than children watching less than 1.75 h/day (group 1).
In Figures 1-3 , we examine the change in the child's BMI, triceps skinfolds, and sum of five skinfolds according to the tertile of television viewing. Here, we use tertile of television watching to maximize the power of the analyses. In all of these figures, the anthropometry means are adjusted for the child's gender, baseline age, and anthropometry level; mean physical activity level, percent of calories from fat, and total energy intake per day at each age; and each parent's education level and BMI. Adjustment for the child's baseline anthropometry measurement was the only factor that had any effect on the shape of the curves at all. (The effect of this adjustment was to narrow the difference between the curves very slightly.)
Children in the highest television-watching group showed the greatest increases in their mean BMI from ages 4-11 y (Figure 1) . Those in the intermediate group of television hours per day had intermediate gains in BMI and those who watched the least television had the smallest BMI gains. In Figures 2 and 3 , the effects are similar. Those who watched the most television had the greatest increases in triceps and sum of skinfolds and those who watched the least television had the smallest gains in body fat.
To explore further the extent to which physical activity or diet may explain the effect of television watching on body Figure 1 Body mass index from 4 to 11 y according to tertile of television and video per day. 1 Adjusted for child's sex, baseline age and BMI, mean percent of calories from fat (o34 vs Z34%), mean total energy intake/day, mean physical activity (highest vs lower two tertiles), and parents' education levels and BMIs).
Television watching and childhood body fat change MH Proctor et al fat change, we look at the combined effects of these factors in Figures 4 and 5 . Figure 4 shows the combined effects of television and activity level. Those children who were the most sedentary (low activity) and who watched the most television (high TV) had the greatest gains in their sum of five skinfolds from ages 4 to 11 y. Conversely, children who were active (high activity) and who watched little television (low TV) had a sum of five skinfolds that was nearly 40 mm smaller by 11 y of age. Children who watched a lot of television but who were also very active gained slightly more body fat than active children who did not watch as much television. Finally, Figure 5 explores the combined effects of television watching and dietary fat intake. Clearly, those children who watched the most television and who had a high-fat diet (Z34% of calories) gained the most body fat over time, and those who watched the least television and had a lower-fat diet (o34% of calories) had the smallest gains in body fat.
Discussion
It is clear from the report from the Third National Health and Nutrition Examination Survey 7 that an increasing number of children in the US are overweight, and many are obese. These results from the FCS confirm that the number of hours spent watching television or playing video games is an Figure 2 Triceps skinfolds from 4 to 11 y according to tertile of television and video per day. 1 Adjusted for child's sex, baseline age and triceps, mean percent of calories from fat (34 vs Z34%), mean total energy intake per day, mean physical activity (highest vs lower two tertiles), and parents' education levels and BMIs.) Figure 3 Sum of skinfolds from 4 to 11 y according to tertile of television and video per day. 1 Adjusted for child's sex, baseline age and sum of five skinfolds, mean percent of calories from fat (34 vs Z34%), mean total energy intake/day, mean physical activity (highest vs lower two tertiles), and parents' education levels and BMIs.) watching and physical activity. 1 Adjusted for child's sex, baseline age and sum of five skinfolds, mean percent of calories from fat (o34 vs Z34%), mean energy intake/day, parents' education levels and BMIs. 1 Adjusted for child's sex, baseline age and sum of five skinfolds, mean percent of calories from fat (o34 vs Z34%), mean energy intake/day, parents' education levels, and BMIs. 2 Low vs high fat ¼ mean percent of calories from fat, o34% vs Z34%. Low vs high TV ¼ mean TV and video hours per day: o2 h vs Z2 h.)
Television watching and childhood body fat change MH Proctor et al important risk factor for the development of excess body fat during childhood. This adverse effect is partly a consequence of the combined effects of television-viewing habits and a sedentary lifestyle or a high-fat diet. In this study, the children at greatest risk for having excess body fat by the time of early adolescence were those having low levels of physical activity or a high-fat diet in combination with watching more hours of television per day.
Our results differ from those of Robinson et al, 12 who
reported on a group of adolescent females followed for 24 months; they found only a weak association between television viewing and either obesity or physical activity. The weak effect in that study may reflect the older ages of the children or the shorter follow-up time. It is also possible that children in southern California (where year-round outdoor exercise is easier to achieve) who watch a lot of television may be less sedentary in general. DuRant et al 13 followed a group of 3 to 4-y-old children over 3 y and found no increase in measures of obesity (despite finding that children who watched more television were physically less active). In the FCS, however, we found that the differences in body fat associated with excess television viewing became more apparent over time. Thus, it may be that follow-up time in DuRant' et al's study was insufficient to detect important changes in body fat associated with televisionviewing habits.
In this study, we also noted that the children who watched the least television had parents with higher levels of education (and parents who had lower levels of body fatness themselves). These findings are consistent with other studies showing an inverse association between socioeconomic status and obesity (as well as the subsequent incidence of ischemic heart disease). 17 Since television-viewing habits are likely to be similar in parents and children, the children who watch the least television may have parents who are leaner as a consequence of their own lower levels of television watching. The FCS has a number of unique characteristics that strengthen these results. Most importantly, it is a prospective study with repeated measures of television viewing and anthropometry during childhood. These repeated assessments yield more stable estimates of the child's televisionviewing habits during childhood as well as long-term estimates of body fat change. Consequently, this study provides important new evidence that television watching is a risk factor for change in body fat, not simply reflective of more obese children tending to watch more television as a consequence of their obesity making it difficult to exercise. Despite this, some may still argue that children who gained the most body fat were simply predisposed to become fat (on the basis of genetic factors) and that these same children may have been predisposed to a sedentary lifestyle (and hence higher levels of television watching) on the basis of a similar genetic correspondence in activity. To address this, we controlled for body fat of both the mothers and fathers as well as the child's baseline body fat in the multivariable models; we found that the amount of television watched per day was still an independent predictor of body fat change.
There are a number of possible mechanisms by which television viewing may have an adverse effect on body fat change during childhood. Children who watch more television and play more video games may be less active in general and may have less favorable dietary habits. After controlling for these factors, television watching still remained an independent predictor of body fat change in this study. However, further analyses suggested that there seems to be some interaction between these factors (diet, activity, and television habits), making it impossible to simply control for the effects of diet or activity in the multivariable models. In addition, at least one earlier study has also shown that television may have a hypometabolic effect; in that study, they found that resting energy expenditure while watching television (for both obese and normal weight children) was significantly lower than when they were doing nothing at all. 18 The relation between television-viewing habits and dietary factors is a complex issue that warrants examination in future studies. It may be that television viewing alters the child's intake of foods in ways that are not adequately reflected by total energy intake or percent of calories from fat. In this study, the correlation between hours of television watched per day and percent of calories from fat was 0.13. Children who watch a lot of television may have very different patterns of snacking and food consumption than children who watch less television. This might, for example, lead to alterations in glycemic index or fiber intake, thereby changing the child's subsequent risk of obesity. Alterations in snacking patterns may be a response to idleness or a consequence of the more direct influence of television advertising. Some authors report that weekly viewing hours correlated with children's caloric intake and reported food requests, and that food purchases made by their parents were influenced by television. 19 Borzekowski and Robinson 20 comment that their findings 'suggest that it takes only one or two exposures to a 10-30 s food commercial to influence preschoolers short-term preferences for specific food products. ' The results of this study highlight the need to target families of very young children (preschool and early elementary school) for interventions designed to reduce the risk of adolescent obesity and the subsequent risk of adult chronic diseases. Several recent studies have reported successful school-based and family-based interventions to reduce obesity through less television use and increased physical activity. [21] [22] [23] [24] Those results, in combination with our own, suggest that healthy lifestyle education programs designed to prevent adult cardiovascular disease should include components targeting television watching habits of children.
Television watching and childhood body fat change MH Proctor et al
